Abstract-In this paper, based on the IEEE 802.11n pro-IV, the simulation results are provided. Section Fig. 1 . The is capable of high link throughput with efficient spectrum transmitted data bits after encoding are multiplexed into two utilization and is suitable for the application of next-generation spatial streams, interleaved and mapped to QAM symbols wireless LAN.
I. INTRODUCTION
k is Xk which is pre-processed via Due to the ability of coping with frequency selective fading Sk = Qk Xk, (X) and excellent spectral utilization efficiency, Orthogonal Fre-where Sk is the transmitted symbol vector after MIMO enquency Division Multiplexing (OFDM) technology had been coding and Qk is the beamforming matrix. In the basic mode, adopted in several standards, e.g. IEEE 802. lla/g Wireless transmitted signal is not beamformed and Qk is simply a unity Local Area Network (WLAN) standard, IEEE 802.16 and matrix. In the beamforming mode, Qk is derived from the Digital Video Broadcast-Terrestrial (DVB-T). In the next-Singular Value Decomposition (SVD) of the channel matrix generation WLAN standard, increasing the link throughput known by the transmitter. For example, if the MIMO channel reliably to support a number of novel multi-media applications matrix of the kth frequency tone Hk can be decomposed using is a key point of standard development [2] .
SVD as
Recently, antenna array processing technology, also called
Multiple Input Multiple Output (MIMO), has drawn lots of attention. It exploits multiple antennas at transmitter (TX) Fig. 2 . The first three parts, including legacy OFDM system model as well as its packet format are de-short training field (L-STF), long training field (L-LTF) and scribed. Section III depicts the receiver architecture. The signal field (L-SIG), are identical to those in the IEEE 802.11la algorithm and circuit design will also be introduced. In Section packet to preserve backward compatibility. The following high 0-7803-9390-2/06/$20.00 ©2006 IEEE 
For estimation of the full MIMO channel, the number of high 2wr d Ts throughput long training field will be the same as the number where kopt is the time index of symbol boundary and Ts is of transmitted spatial streams. Finally, the high throughput data sampling period. The CFO will be calculated again at long field (HT-DATA) contains the transmitted data payload of the preamble to find a more accurate estimation. The hardware of spatial streams. coarse symbol boundary and CFO estimation is depicted in Fig. 4 . III. RECEIVER ARCHITECTURE AND FUNCTION 4) Fine symbol boundary detection: It is detected with a INTRODUCTION matched filter using long preamble. The output of matched The overall receiver architecture is illustrated in Fig. 3 . For filter is clarity, it is divided into three parts. Part I handles initial syn-N-1 chronization and time-domain carrier frequency offset (CFO) where N is the period of long preamble and C(n) is the 2) MIMO signal decoding: The received symbol vector complex conjugate of L-LTF. For hardware reduction, C(n) at each subcarrier must be decoded to separate transmitted is quantized to 1 bit [5] . The matched filter output M(k) symbols among different antennas. The detection method characterizes the channel impulse response (CIR) and we can depends on the transmission mode. find a time-domain window that contains maximum energy a) Basic mode: In this mode, the receiver uses VBLAST of CIR through moving average of the matched filter output. algorithm [11] to decode the MIMO signal. Therefore, the The starting point of the window is determined as the symbol decoding vector which is calculated from the pseudo-inverse boundary to guarantee minimum inter-symbol interference of the deflated channel matrix and the decoding order must be (ISI). Moreover, matched filter output at this point must exceed determined in each iteration. a proportion of the maximum value of matched filter to avoid b) Beamforming mode: In this mode, the received symthe variance of the boundary caused by channel noise.
bol in time domain and frequency domain, respectively. The where Sj is the set of all constellation points that has mth estimation result is passed through a loop filter to remove bit equal to j, Yk are the received and equalized symbol on variance caused by noise and inter-carrier interference (ICI). kth frequency tone and CSIk is the post-detection SNR on The hardware implementation employs a COrdinate and kth frequency tone. Due to the symmetry of Gray coding, Rotation DIgital Computer (CORDIC) [9] to derive the phase the second term on the right of (10) can be simplified with and magnitude of the received pilots. Because the time interval linear piecewise functions [5] . In MIMO case, the LLR can of occurrence of pilots is larger than the latency of CORDIC also be approximated with (10) while the CSIk is the Signal and divider, the hardware can be shared for the calculation of to Interference and Noise Ratio (SINR) in each transmitted all pilots.
spatial stream after detection [12] .
IV. SIMULATION RESULT D. Channel Estimation and Data Recovery
The functional simulation is under TGn Channel Model D
The receiver needs channel state information derived from which is a typical official channel model and has delay spread channel estimation to decode the received frequency-domain equal to 50 ns. The center frequency is set to 5320 MHz. symbols. These operations are done in part III.
The CFO and SCO are both -13.7 ppm according to the 1) Channel estimation: The MIMO channel estimation is TGn comparison criteria [13] . The OFDM parameters used evaluated from the recived HT-LTF. Because the HT-LTF is in the simulation are shown in Table I . It is demonstrated transmitted with tone interleaving technique [1] , the transmit-in Fig. 5 that the SVD decoding with OSUC can improve ted training symbols in two transmit antennas are orthogonal the performance by about 10 dB as compared to the original to each other. When SNR is low, the channel estimation result SVD decoding under PER=10%. In addition, the performance is filtered for smoothing [10] . This is equivalent to the time of the SVD decoding with OSUC is better than the VBLAST domain CIR using a window filter to remove undesirable noise decoding and its complexity in the receiver is lower than and improve the channel estimation quality, the VBLAST decoding. Fig. 6 validates the effect of soft demapping combined with soft Viterbi decoding. When the 
